background: Our objective was to determine what effect maternal BMI has on fetal growth rate in the early first trimester. methods: This was a prospective observational study of singleton pregnancies with certain dates, initially presenting for a transvaginal scan (TVS) before 12 weeks of gestation. Maternal characteristics (BMI, ethnicity, maternal age, obstetric history, abdominal pain and vaginal bleeding) were recorded. Fetal crown-rump length (CRL) was measured at the initial scan, and at subsequent ultrasound assessments. In order to assess the fetal growth rates, women with at least two CRL measurements were included in the analysis. A mixed-linear effects model analysis was performed to determine whether BMI influences the rate of change in CRL.
Introduction
Measurement of crown-rump length (CRL) is commonly performed to date pregnancies and this may influence decisions regarding timing of delivery and growth assessment during the subsequent trimesters (Mongelli and Gardosi, 1996; Gardosi, 1997) . Such dating by measurement of CRL using transabdominal ultrasound was described by Robinson in 1973 and subsequent studies using transvaginal ultrasound have documented similar growth patterns (Hadlock et al., 1992; Grisolia et al., 1993; Pexsters et al., in press) .
Maternal characteristics can affect fetal size in the second and third trimesters, and this has led to the construction of customized biometric centiles (Leung et al., 2008; Salpou et al., 2008) . Conversely, studies assessing embryonic size in early pregnancy have assumed uniform growth irrespective of maternal characteristics. Variation in first trimester growth may, however, occur due to different maternal characteristics, symptoms or fetal factors. For example, chromosomal abnormalities are associated with first trimester growth restriction (Bahado-Singh et al., 1997; Schemmer et al., 1997) , and a smaller than expected CRL in the first trimester is associated with an increased likelihood of miscarriage (Mantoni and Pedersen, 1982; Falco et al., 1996; Reljic, 2001; Choong et al., 2003; Mukri et al., 2008; Bora et al., 2009) . Such a lag in early growth may also be associated with adverse pregnancy outcomes such as low birthweight and preterm delivery (Smith et al., 1998; Bukowski et al., 2007a) . However, not all deviations in first trimester growth are due to pathological causes: for example, in pregnancies that are considered to be normal, there are observed fetal growth variations in the first trimester. Male fetuses are larger than female fetuses (Bukowski et al., 2007b) and, as we have previously shown, the rate of increase in CRL in the first trimester is greater in fetuses of black women compared with those of white and Asian ethnic origin; an increase is also observed with advancing maternal age . This demonstrates that differences in fetal size related to maternal characteristics are evident during the first trimester of pregnancy.
Maternal body mass index (BMI) has been reported to affect second and third trimester growth (Jolly et al., 2003; Ehrenberg et al., 2004) . In addition, women with high BMI have a higher risk of developing gestational diabetes, pre-eclampsia or eclampsia, having a Cesarean section or delivering a macrosomic infant (Sebire et al., 2001; Weiss et al., 2004; Yu et al., 2006) . Our objective was to evaluate the influence of BMI on first trimester growth.
Methods
This study was part of a prospective longitudinal study whose aim was to identify factors that predict first trimester outcome . It included consecutive unselected women attending the early pregnancy unit (EPU) at St George's Hospital, St George's University of London, from January to October 2006. This analysis was carried out retrospectively using the entire anonymized study database. Patient data were included in the analysis if the woman had certain dates (defined as having a known last menstrual period (LMP) date, a regular cycle length of 26 -30 days and no previous pregnancy or hormonal contraception in the 3 months preceding the pregnancy), a spontaneous singleton intrauterine pregnancy, at least two ultrasound examinations demonstrating a live fetus (heart pulsation seen) on separate occasions, no fetal chromosomal or structural abnormalities, and known first trimester outcome as assessed at the routine 11 -14 weeks dating and nuchal translucency scan in the hospital's fetal medicine unit (FMU).
All women included had at least one transvaginal scan (TVS) in the EPU and one transabdominal scan (TAS) at 11 -14 weeks in the FMU. Additional scans in between were performed when indications for repeat EPU assessment existed such as bleeding, pain or maternal anxiety. Women were included regardless of indication for assessment. All scans were performed by either doctors or sonographers who were experienced in both TVS and TAS. Ultrasound assessment was performed using a 5 (for TVS) and a 2 -5 (for TAS) MHz transducer for B mode imaging (Aloka SSD 900, 2000, 4000 or GE Voluson 730). Standardized measurements of CRL were taken from gestational age (GA) of 35 -98 days. The measurement of CRL for included pregnancies was obtained during each attendance to the EPU and FMU. In the EPU, women were managed according to standard departmental protocols depending on the outcome of the assessment. Women were excluded from the analysis if they underwent a miscarriage prior to 14 weeks or had a termination of pregnancy (TOP). GA is defined as the number of days from the LMP.
All details of the ultrasound examination were recorded contemporaneously onto a computerized database (Viewpoint PIA database, LB systems, Vienna, Austria). Demographic details (including ethnicity and age), obstetric history and pregnancy symptoms (pain or bleeding) were recorded during the first attendance to the EPU. First trimester pregnancy outcome (viable pregnancy, miscarriage, termination of pregnancy) was ascertained during the routine 11-14 assessment in the FMU. We have previously reported on the effect of maternal age and ethnicity on fetal growth in 464 women (1063 scans) . As the maternal body mass index (BMI) was not available to us at that time, we later obtained it by cross referencing this cohort to the fetal medicine database in order to allow an evaluation of the influence of BMI on first trimester growth.
Statistical analysis
The GA range for CRL measurements was restricted to between 37 days (anything earlier than this was considered biologically implausible) and 98 days (CRL measurements are taken in our department at the latest at 14 weeks). In order to exclude extreme outliers with an LMP that was biologically highly unlikely, data points more than four SDs from the expected CRL for GA using a well-validated reference range (Robinson, 1973) were considered as outliers and therefore excluded (Healy, 1979) . Statistical analyses were performed using SAS version 9.1.3 for Windows (SAS Institute Inc., Cary, NC, USA, 2002 USA, -2003 .
CRL measurements were considered as related to GA. A linear mixed-effects model for longitudinal data was built with GA as an independent or explanatory variable and expanded with a polynomial term up to the power of two (GA 2 ) (because of evidence for a non-linear relationship between GA and CRL based on the scatter plots). Multiple linear mixed-effects models were developed incorporating the fixed effect of BMI and its interaction with GA (and GA 2 ) for analysing the relationship of CRL measurements with GA (Verbeke and Molenderghs, 2000 ) were included to verify whether growth in CRL differed between women with different BMI. The covariance structure for the fixed effect was set to a simple structure with only the variances equal to s 2 , while each covariance was set to zero. An exponential and Gaussian structure did not lead to an improvement in the likelihood. As random effects, an intercept was included to account for within-subject variability as well as GA and GA 2 because growth expressed in terms of CRL is not considered to be linear (Robinson, 1973 ). An unstructured covariance matrix was chosen for the random effects. The parameters of the model were estimated with the maximum likelihood approach. Starting from the most general model expanded with the variables, BMI as a continuous variable and BMI as a categorical variable, a backward elimination method was applied in which fixed effects were removed in order of increasing significance until the reduction in likelihood became significant. The final model required all model coefficients to be statistically significant at the 0.05 level. For each model, the Akaike information criterion (AIC), taking the complexity of the model into account, was calculated as a measure for the goodness of fit of the model.
Results
During the study period, 1828 women attended the EPU but all data were available in 264, undergoing 740 scans. This provided 649 CRL measurements. The mean GA at first TVS was 56 (range 33 -84) days from LMP. The median maternal age was 32 (17-44) years, median parity was 0 (0-6) and the median number of previous pregnancies in non-primigravid women was 2 (1 -12). The proportion of white, black and Asian women was 61.0, 15.5 and 5.3% respectively. The median BMI was 23.55 (range 16 -45). The most common reasons for exclusion of the 1564 pregnancies were miscarriage or termination prior to 11 -14 weeks. Comparison of the included pregnancies to the excluded ones showed that in the included pregnancies there were more Asian women (but no other differences in ethnicity), fewer women who reported vaginal bleeding and more women who reported abdominal pain, anxiety or one or more previous miscarriages, but no other significant differences (including differences in BMI). Maternal characteristics and indication for attendance are summarized in Table I .
The linear mixed-effects model of CRL as a function of GA and BMI showed that this relationship was neither significantly influenced when modelling BMI as a continuous variable (P ¼ 0.7529), nor when modelling it as a categorical variable using the WHO classification (P ¼ 0.8904). As the interaction between BMI and GA was not significant, the linear and quadratic slope of CRL versus GA is the same for all women, independent of BMI. The curves only differ slightly in intercept, although this is not statistically significant (see Fig. 1 ). The linear slope of CRL versus GA equals 20.794 (SE ¼ 0.055), the quadratic slope is 0.016 (SE ¼ 0.0004). The AIC of the model was 3405.3.
Discussion
This study has shown that maternal BMI does not influence embryonic and early fetal growth. This is the first study systematically examining the effect of maternal BMI on embryonic and early fetal growth rate and a validation study in a large independent data set is now planned.
The influence of a high BMI is generally expressed as fetal overgrowth. However, apart from the immediate peripartum complications of fetal macrosomia (Jolly et al., 2003) , there might be long-term consequences as well: adolescents born with high birthweights have a greater fat mass in adolescence and a higher incidence of insulin resistance (Murtaugh et al., 2003) . Conversely, reduced growth in early life is strongly linked with impaired glucose tolerance, non-insulin dependent diabetes and high blood pressure (Hales et al., 1991) .
Approximately 20% (Kanagalingam et al., 2005) of all pregnancies are associated with obesity. We have already shown that maternal ethnicity and age affect early embryonic growth . It is known that obesity is a recognized risk factor for delivering a macrosomic baby (Galtier-Dereure et al., 2000; Sebire et al., 2001; Weiss et al., 2004) and, given that maternal characteristics can influence first trimester growth, and that second and third trimester growth is influenced by BMI, we hypothesized that maternal body weight may influence early embryonic growth. Our study does not support this. A possible explanation could be that the pathophysiology leading to fetal macrosomia due to increased maternal BMI is not relevant during early embryonic development.
The patient characteristics of the women excluded from the study were similar to those of the women included. The only difference was that in the former group more women reported vaginal bleeding. This was expected as the study was designed for women with viable pregnancies at the end of the first trimester, so those with bleeding who subsequently miscarried were excluded. The increased number of women with pain, anxiety and previous miscarriage history in the included group reflects the number of women who attend our EPU for reassurance scans. Although in this cohort of patients, a number of maternal factors that may influence first trimester fetal growth has been studied in the past , other factors that have not been evaluated, such as smoking history and paternal characteristics, may confound the result.
All ultrasound examinations were performed by experienced trained sonographers and doctors. The inter-observer variability in Figure 1 Growth model for CRL versus GA as a function of BMI using the WHO classification; growth curve for underweight patients (red line), growth curve for normal weight patients (blue dashed line), growth curve for overweight patients (dash-dotted black line), growth curve for obese patients (dotted green line). The insert is a zoom-in of the curves for better visualization. CRL, crown-rump length; GA, gestational age; BMI, body mass index. acquisition of CRL is a possible confounding factor. However, this would result in random rather than systematic error in women of a specific BMI. Nevertheless, it is possible that in women of increased BMI the CRL is systematically under-or overestimated, especially at the 11-14 week scan, which is transabdominal. This could lead to a true biological association of CRL versus BMI to be missed. Such a systematic error has not been reported in the literature, although there are no studies specifically looking at this in early pregnancy. A total of 264 women were included in the study. It is possible that the study was underpowered to detect an effect of BMI on growth rate. However, all included women had more than one ultrasound examination with 740 scans performed in total and therefore growth rates could be examined. Given our findings, it is unlikely that any effect of maternal BMI on early fetal growth would be large.
Conclusion
Dating by CRL influences subsequent growth assessment and previous studies have suggested that first trimester fetal growth rates may be influenced by maternal characteristics. Our data suggest that maternal BMI has no significant influence on early fetal growth. Not all potential variables have been explored and other predictors, such as maternal anthropometric variables or smoking history, should also be explored prospectively. It may be possible to improve current charts of embryonic size for assessing GA on the basis of such detailed individualized information.
